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ABSTRACT
Background: The role of breakfast skipping in obesity and associated co-morbidities is
uncertain. Experimental studies show mixed findings while observational studies show
breakfast skipping is consistently associated prospectively with weight gain or crosssectionally with higher BMI. Relatively few studies exist on breakfast skipping in
relation to metabolic syndrome (MetS). One difficulty in examining these associations is
that self-reported energy intake (rEI) is often under reported, particularly among
overweight and obese individuals, and most previous research on breakfast consumption
and obesity has not taken these implausible rEIs into account. Additionally, there is no
standard definition of breakfast, leading to difficulty comparing across studies.

Objective: We investigated the associations between the timing of morning eating, rather
than breakfast skipping per se, with risks for overweight/obesity, elevated waist
circumference and MetS using US national survey data. We examined these associations
in both the total sample and in the plausible subsample after excluding individuals with
implausible rEIs.

Methods: We included non-pregnant participants from the Continuous National Health
and Nutrition Examination Survey (NHANES) cycles 2005-2006, 2007-2008, and 20092010 aged 20-65 years who did not perform shift work and who completed 2 multiple
pass 24h dietary recalls. Participants were classified according to their BMI as being
either underweight (17.0-18.5 kg/m2), normal weight (>18.5 to 24.9 kg/m2), overweight
(25.0 to 29.9 kg/m2) or obese (30.0 to 60.0 kg/m2). Individuals were categorized as
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having MetS or not based on both Adult Treatment Panel III (ATP III) and International
Diabetes Federation (IDF) criteria. Waist circumference was categorized as elevated or
normal based on ATPIII criteria. Morning intake on each day was categorized as early,
late or none according to time of first reported intake ≥50 kcals. Morning intake was
categorized as “early” if the first intake occurred between 5:00 AM and 8:59 AM, “late”
if it occurred between 9:00 AM and 11:30 AM, and none if there was no intake during
either time period. Across the two days of dietary intake, six morning eating patterns
were possible: 1) early intake on both days; 2) early intake on one day and late intake on
the other; 3) early intake one day and no intake the other; 4) late intake both days; 5) late
intake on day and no intake the other; and 6) and no morning intake on either day. The
two-day average rEI was compared to estimated energy requirements (EER) using the
Institute of Medicine equations to determine energy intake plausibility. The rEIs were
deemed implausible if rEI was not within the ±1SD calculated range of EER (±22.69%).
Statistical analyses were performed in SPSS on both the total sample and the plausibly
reporting subsample. Logistic regression and multinomial logistic regression analyses
were performed to determine the associations between timing of morning eating and risk
for overweight/obesity, elevated waist circumference, and MetS, controlling for age, sex,
race/ethnicity, smoking status, alcohol consumption, chronic disease presence, and
poverty-income ratio. In this preliminary analysis, survey design was not taken into
account.

Results: There were n=4590 and 2174 participants in the total sample and plausible
subsample, respectively, with median BMIs (95%CI) 27.5 kg/m2 (28.4, 28.8 kg/m2) and
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27.1 kg/m2 (27.8, 28.3 kg/m2). Relative to normal weight individuals, the odds of being
obese was lower in those having eaten early in the morning both days (OR 0.663, 95%
CI: 0.457, 0.961, p=0.030) or late in the morning both days (OR 0.622, 95% CI: 0.419,
0.923, p=0.018) in the total sample, but not in the plausible subsample. This result may
be explained by the fact that across all weight status categories, these two morning eating
patterns had the lowest percentage of under reporters (21-48%) compared to the other
morning eating patterns (26-73%). Also, participants in the total sample who reported no
morning intake had rEIs of 66% of EER, while those who reported other morning eating
patterns had rEIs between 77-89% of EER. Overall, rEI as a % of EER was much greater
in the plausible sample. There were no significant associations between morning eating
and waist circumference or MetS as defined by either criteria in either sample.

Conclusions: These preliminary results illustrate the importance of accounting for rEI
plausibility in studies of eating patterns in relation to disease risk, and that the timing of
morning eating may be unrelated to BMI, waist circumference or MetS in adults aged 2065 years.
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CHAPTER I
INTRODUCTION

Results of the National Health and Nutrition Examination Survey (NHANES)
2011-2012 indicated that 34.9% of adults were obese and 6.4% were extremely obese.1
Based on 2008 data, the Centers for Disease Control and Prevention (CDC) estimates the
cost of obesity at $147 billion; obesity related costs account for approximately 10 percent
of all medical spending.2 Medical spending for obese people in 2006 was $1,429 greater
per year than spending for non-obese people.2 These increases in spending impact both
government funded healthcare programs such as Medicaid and Medicare as well as
private payers, and place a huge financial burden on the U.S. healthcare system.
Obesity is associated with an elevated risk for type 2 diabetes, gallbladder disease,
coronary heart disease, hypertension, osteoarthritis and hypercholesterolemia.3 These
comorbidities not only raise the financial burden of obesity on the healthcare system, but
they lead to lower quality of life and greater mortality.3
MetS is condition defined as having a specified group of cardiometabolic risk
factors.3 There are two sets of criteria for diagnosis of MetS that are widely accepted
(TABLE 1). The Adult Treatment Panel III (ATP III) guidelines set diagnosis of MetS as
having 3 of the following 5 characteristics: abdominal obesity, elevated serum
triglycerides, low serum HDL cholesterol, elevated blood pressure, and raised fasting
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blood glucose.4 In contrast, the International Diabetes Federation Guidelines (IDF)
classify someone as having MetS if central obesity is present along with two of the
following criteria: raised serum triglycerides, reduced serum HDL cholesterol, elevated
blood pressure, and raised fasting plasma glucose.5
TABLE 1. Adult Treatment Panel III and International Diabetes Federation Guidelines for
diagnosing MetS.
ATP III

IDF1

Men

≥102 cm

≥102 cm

Women

≥88 cm

≥88 cm

≥150 mg/dL (1.7 mmol/L)

≥150 mg/dL (1.7 mmol/L)

Waist circumference2

Serum Triglycerides

or treatment for lipid
abnormality
Serum HDL Cholesterol
Men

<40 mg/dL (1.03 mmol/L)

<40 mg/dL (1.03 mmol/L)

Women

<50 mg/dL (1.29 mmol/L)

<50 mg/dL (1.29 mmol/L)
or treatment for lipid
abnormality

Blood pressure

Systolic ≥130 or diastolic ≥85
mm Hg

Systolic ≥130 or diastolic ≥85
mm Hg
Or treatment of previously
diagnosed hypertension

Fasting plasma glucose

≥110 mg/dL (5.6 mmol/L)

≥100 mg/dL (5.6 mmol/L)
or previously diagnosed type 2
diabetes

1

IDF requires waist circumference to be above the cut-offs shown

2

IDF uses the ATP III values for North Americans. Values for Europids not living in North
America are men: ≥94 cm, women: ≥80cm.
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Cardiovascular disease is listed as the primary clinical outcome of concern in patients
with MetS but MetS also explains approximately half of the risk for diabetes.4
Skipping breakfast is often theorized as one of the causes of higher body weight.
The widespread assumption is that people who skip breakfast compensate later in the day,
which leads to overeating. However, as we will review later, the evidence to support this
assumption is weak. An attempt to control weight may be one of the major reasons that
breakfast is skipped. Research has suggested that adults who eat breakfast are more likely
to believe that breakfast helps with weight control compared to skippers.6 Other potential
reasons cited by those who do not consume breakfast include lack of hunger in the
morning, not having easy options available, lack of planning and lack of time.
In general, research on the role of breakfast in health has two major problems.
One of the biggest problems is the lack of agreement on a standard definition of
breakfast. In 2007 Timlin and Pereira defined breakfast as the first meal of the day, eaten
within 2 hours of waking, no later than 10:00 AM and containing between 20% and 35%
of total daily energy needs.7 More recently, another definition was proposed. This second
definition qualifies breakfast as the first meal that breaks a period of fasting, generally
overnight, and is eaten within 2 to 3 hours of waking.6 This meal must include at least
one food group and does not need to be eaten at a specific location. This definition places
more emphasis on the timing of breakfast as opposed to a strict calorie content. Yet,
reviewed by O’Neil and colleagues, what constitutes breakfast, including composition,
total energy and time of consumption, varies widely among studies.6 This lack of
standardization makes comparisons across studies difficult. Additionally, associations of
shift work with obesity and metabolic disturbances highlight the importance of circadian
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rhythms in hunger, while other studies note a link with “eveningness” and resistance to
weight loss and decreased glucose control. Sleep/wake patterns that vastly differ from
normal and preference for evening may result in late morning eating or breakfast
skipping altogether.6,8 Thus, differentiating between early morning eating, late morning
eating, and not eating in the morning (i.e. skipping breakfast) will help to elucidate
specific information on the role of morning eating in total energy intake, obesity and
chronic disease risk.
Another problem with research in this area is that meal and snack intakes are
usually self-reported. Self-reported energy intake has been shown to be widely
underreported, particularly in the overweight and obese population.9 In the majority of
studies on breakfast skipping, underreporting has not been taken into account. However,
one study showed that while there was an association between a lower intake of energy at
breakfast and a higher weight status in the total sample, when implausible reporters were
excluded from analysis this association was no longer present.10
The goal of this study was to examine the associations of the timing of morning
eating with BMI and MetS in adult participants in NHANES 2005-10, while taking into
account implausible dietary reporting. We hypothesized that in the total sample,
participants with an early morning eating pattern would have lower risks of overweight
and obesity, elevated waist circumference and MetS compared to those with a later
morning eating pattern or no morning intake. A second hypothesis was that individuals in
the plausibly reporting subsample would have weaker associations of morning eating
with these outcomes than those in the total sample.!
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CHAPTER II
REVIEW OF LITERATURE

The potential role of the timing of morning intake in the development of obesity,
elevated waist circumference, and MetS has been examined using several study design
approaches. These include acute feeding studies, cross-sectional studies, prospective
studies and experimental trials. This review examines published literature in this area
through May 2015 with appetite, energy intake, BMI, waist circumference, and MetS as
outcomes. Databases searched included PubMed, CINAHL, MEDLINE and
HealthSource. Key words searched included: ‘breakfast’, ‘breakfast skipping’, ‘morning
intake’, ‘obesity’, ‘BMI’, ‘waist circumference’, ‘metabolic syndrome’. In addition,
references cited in studies were searched.
Appetite
Acute Feeding Studies
The evidence for whether skipping breakfast affects variables related to appetite
comes primarily from short-term acute feeding studies, in which the impact of consuming
a standardized breakfast compared to skipping breakfast within a short period of time,
such as the time course to the next meal or over several hours thereafter, is assessed.
These studies are summarized in TABLE 2. Results focused on hunger overall found that
during the breakfast skipping treatments, participants reported higher hunger later in
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Table 2. Short term (≤1d) randomized control trials examining the effects of breakfast skipping vs eating on appetite and ad libitum energy intake in adults.
First author,
year

Study
design and
duration

Study
populationa

Treatments

Time points for reported
outcomes

Appetite results

Energy Intake results

Astbury,

Crossover

12 M

No breakfast (NB)

Appetite:

150 min postbreakfast

Lunch only intake:

2011 11

5.5 h

Age 24.3 ± 7.3 y

Breakfast (B):

Hunger: NB > B

Standard B,
250 kcal
liquid
preload at
150 min,
Ad libitum
lunch

BMI 23.5 ± 1.7
kg/m2

Energy: 10%
individual energy
requirement

150, 180, 210, 240, & 270
min postbreakfast

B (1170 kcal) < NB (1376
kcal)

Energy intake:

Fullness: B > NB

Crossover

20 F

No breakfast (NB)

Appetite:

Early afternoon:

Dinner:

10 h in lab:
Standard B,
Standard L
(4 h after
B), Ad
libitum
dinner (5 h
after L)

Age 19 ± 1 y

Breakfasts (B):

Early afternoon

Hunger

NB = NPB = HPB

BMI 28.6 ± 0.7
kg/m2

Energy: 350 kcal

240-360 min postbreakfast

Normal protein
(NPB) breakfast:
15/65/20 (P/C/F %
energy)

NB > NPB = HPB

Snacks:

Late afternoon

Fullness

NP (621 kcal) = NB (656
kcal) > HPB (486 kcal)

Leidy, 2013 12

At home:
Ad libitum
postdinner
snacks

! ± SD
% of subjects
who were
regular breakfast
eaters: NR

! ± SD
Subjects were
regular breakfast
skippers (≤ 2
breakfasts per
week)

240 min postbreakfast

14/72/14 (P/C/F %
energy)

Higher protein
(HPB) breakfast:
40/40/20 (P/C/F %
energy)

B + preload+ lunch intake:
All other time points NS
B = NB

360-480 min postbreakfast
10 h total
Energy intake:

NB, NPB < HPB
All day:
Late afternoon:

Dinner

Hunger

Snacks after dinner

NB = NPB = HPB

All day (10h + rest of day)

Fullness
NB = HPB > NPB
10 h total:
Hunger NB > NPB = HPB

!
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NB (2002 kcal) = HP (2123
kcal) > NP (2292 kcal)

!

Fullness NB < NPB < HPB

Levitsky,
2013 13
Study 1 only

Crossover

24 M/F

No breakfast (NB)

Appetite:

3h

Age 21.1 ± 2.7 y

Breakfasts (B):

60 min prelunch

Standard B

BMI 21 ± 5.2
kg/m2

High carbohydrate
breakfast (HCB):
11/85/3 (P/C/F %
energy)

Energy intake:

Ad libitum
lunch

Chowdhury,
2015 14

75% of subjects
were regular
breakfast eaters
(no definition
given)

Crossover

35 M/F

6h

Age 36 ± 11 y

Standard B
Ad libitum
lunch

BMI 22.7 ± 2.5
kg/m2
77% were
regular breakfast
eaters (>50kcal
intake within 2h
of waking on
≥4d/week)

Thomas,

Crossover

18 F

2015 15

9h

Age 29

Standard B;
standard
lunch; ad
libitum
dinner

BMI 30.2
50% were
regular breakfast
eaters
(≥5d/week)

Hunger:

Lunch:

NB > HCB = HFB

NB = HCB = HFB

Appetite:

Hunger:

Lunch:

Immediately pre- & post
breakfast

Prebreakfast: NB=B

3h post breakfast

NB (929 kcal) > B (776
kcal)

Post breakfast: NB>B

60 min prelunch

High fiber breakfast
(HFB): 16/72/11
(P/C/F % energy)
No breakfast (NB)
Breakfast (B):
Energy: 469 ± 57
kcal
13/70/17 (P/C/F %
energy);

6 h post breakfast
Energy intake:

3h post breakfast: NB>B

B + Lunch: B (1246 kcal) >
NB (929 kcal)

6 h post breakfast: NB=B

3 h post breakfast
No breakfast (NB)
Breakfast (B):
Energy: 25% total
daily energy intake;

Appetite & Fullness:
prebreakfast, 240, 270, 300,
330, 360, 390, 420 min post
breakfast

15/55/30 (P/C/F %
energy)

Hunger:

Total daily:

Prebreakfast: NB=B

NB=B

240 min: NB>B
All other timepoints: NS
Fullness:
240 min, 270 min: NB<B
All other timepoints: NS

!
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Prelunch hunger for B and
NB: regular eaters>regular
skippers
Abbreviations: !: mean; SD: standard deviation; NB: no breakfast; B: breakfast; P: protein; C: carbohydrate; F: fat. a Labeling of ‘skippers’ and ‘consumers’ was adapted from
reference for standardization.
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the day and lower fullness compared to the breakfast eating treatment. One study found
that hunger was only lower the first time it was measured (150 min post breakfast or no
breakfast treatments) and was not different between treatments at any other time point.11
In another study, while hunger ratings 4-6 hours post breakfast were higher in the
skipping condition compared to the eating condition, there was no reported difference in
hunger ratings 6-8 hours post breakfast between the treatments.12 Two studies found that
hunger ratings were higher in skipping conditions post breakfast and pre lunch compared
to breakfast treatment but were not significantly different after lunch.14,15 Results on
fullness were mixed across studies. This may be due to the variation in study design and
breakfast treatments. While acute feeding studies provide the opportunity to examine the
direct impact of breakfast skipping in a controlled setting without the costs and
difficulties associated with longer-term studies, studying participants in a clinical setting
with standardized meals does not always correlate with real-world applications. Acute
studies, by nature, are very short in duration and, as such, are not able to elucidate the
long-term effects of meal patterns on health outcomes.
Energy Intake
The effects of breakfast skipping on energy intake have been examined in acute
feeding studies (TABLE 2), cross-sectional and prospective studies (TABLES 3 and 4)
and randomized controlled trials (TABLE 5).
Acute Feeding Studies
Three studies examining energy intake as it relates to breakfast skipping assessed
energy intake in the next meal (TABLE 2).11,14,15 The findings of these studies were
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equivocal; while two studies found a significant difference in intake at lunch,11,14 another
failed to find a significant difference.13 The two studies where there was a significant
difference in intake at lunch found that there was no significant difference in combined
energy intake when accounting for total energy intake including breakfast and lunch. It is
important to remember that only examining intake at the next meal does not take into
account the impact on total daily energy intake, which could be a more accurate predictor
of weight than intake at the next meal alone. Two studies examined total daily energy
intake after either skipping breakfast or consuming breakfast with varying results.12,15
One found no difference in total daily energy intake 15 in participants who skipped
breakfast versus those who did not while the other found that a normal protein breakfast
led to greater total daily intake compared to breakfast skipping and a higher protein
breakfast.12 While total daily energy intake in the latter study was greater after a normal
protein breakfast, there was no difference between groups in dinner consumption and
there was an increase in evening snacking for breakfast skippers and normal protein
breakfast compared to high protein breakfast. This study indicates that skipping breakfast
has an effect on energy intake later in the day and may depend on the breakfast
composition, which may be a useful consideration in individuals who are attempting to
control their caloric intake. Additional studies are needed in this area to confirm these
findings and to determine the most effective composition for preventing excess energy
intake.
Cross-sectional Studies
Six of the ten cross-sectional studies examining energy intakes show that
participants who were classified as skippers reported lower total energy intake compared
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to consumers, as seen in TABLE 3. Only one found a higher rEI in skippers compared to
consumers.16 All of the reviewed cross sectional studies used self-reported methods for
collecting dietary data, which are prone to errors in reporting. This is particularly relevant
in the overweight and obese populations, as described previously, and therefore may have
skewed overall energy intake results.
Prospective Studies
Only one prospective study examined total daily energy intake in breakfast
consumers compared to breakfast skippers and found no significant difference in rEIs
between skippers and consumers.17 (TABLE 4)
Experimental Studies
Of the five experimental trials reviewed, two examined total daily energy intake
in participants during treatments of eating breakfast or skipping breakfast (TABLE 5).
One study found that rEI was lower in the breakfast treatment compared to no breakfast18
and the other found that rEI was higher in the breakfast treatment.19
Body Mass Index (BMI) and Risk for Overweight or Obesity
Cross Sectional Studies
The majority of the cross-sectional studies examined used self-defined breakfast
consumption meaning participants categorized their own intake as breakfast, as opposed
to the researchers defining what qualified as breakfast (TABLE 3). There was large
variability among studies in the definition of breakfast skipping and breakfast definition.
Thirteen of the nineteen cross-sectional studies reviewed compared BMI values for

11!
!

!

TABLE 3. Cross-sectional studies on the association of breakfast skipping with energy intake and body mass index and risk for overweight/obesity in adults.
First author,
year

Study Population

Breakfast definition;
Breakfast skipping
definitiona

Breakfast
assessment tool

Energy intake
result

BMI result (point
estimate)

BMI result (Risk
for overweight
or obesity)

Covariates

KeskiRahkonen,
200320

4660 M/F

Meal eaten before
going to school or
work;

FinnTwin16,
Questionnaire
sent to parents of
twins at ages 17 18.5 y,

NR

NR

Reference
categories: BMI
<20.0 kg/m2 and
eating breakfast
daily

Age, sex,
education level
at age 16 y,
alcohol,
smoking,
physical
activity

Age 33.6-69.8 y (M);
32.2-62.0 y (F)
Min-Max (!±SD
NR)

Skippers: participants
who reported eating
breakfast ≤1x/week

Breakfast skipping
prevalence:
M: ≤1 x/wk 26.1 %
F: ≤1 x/wk 19.0 %

“How often do
you eat breakfast
(for example
sandwiches, milk,
hot cereal other
similar food)
before going to
school or going to
work?”

Risk for obesity
(BMI >30
kg/m2):
Breakfast a few
x/wk: OR 1.98
(95% CI 1.073.65)
Breakfast ≤1/wk
NS
Risk for
overweight: NS

Song,

4218 M/F

Self-defined;

2005 21

Age 50.4 y b (!)

Skippers: participants
who did not report
eating breakfast

Breakfast skipping
prevalence: 23.0%

NHANES 19992000, 24 hour
dietary recall,
multiple pass

Skippers: 2117
± 47
Consumers
2235 ± 22
P=0.03

NR

Reference
category:
breakfast
skippers and
normal weight
Risk for
overweight: NS

Age, sex,
ethnicity,
smoking,
energy intake,
alcohol intake,
exercise,
controlling
weight

!
Howarth,
2007 22
McCrory
2011 10

16,103 M/F
Age younger: 38.5 ±
0.4
Breakfast skipping
prevalence: 22%

Energy intake before
11:00 AM;

USDA
Continuing
Survey of Food
Intake by
Individuals 19941996, 2 nonconsecutive,
multiple pass 24h dietary recalls

Skippers: no reported
intake before 11:00
AM

Age older: 71.0 ± 0.4

Difference in
energy intake
at breakfast

Total Sample:
Plausibly reporting
subsample: NS

Plausibly
reporting
subsample:
Younger:
Normal weight

< overweight =
obese

(!±SD)
Breakfast skipping
prevalence:

Plausibly
reporting
subsample:
Energy intake
from breakfast,
lunch, dinner
and snacks were
all significantly
associated with
weight status. c

Older: Normal
weight =
obese <
overweight

Younger: 22%
Older: 5%

P<0.05

Van der
Heijden,
2007 23

20,064 M

Self-described

NR

Questionnaire,
Health
Professionals
Follow up Study

Age (!)

Total Sample:
Energy intake
from breakfast
and snacks not
associated with
weight status
while energy
intake from
lunch and dinner
were. c

Skippers: 26.2

Age, sex,
education,
current
smoking, selfreported
chronic disease,
ethnicity,
household
income,
urbanicity,
geographic
region, TV
viewing

NR

Age

NR

Age, sex,
smoking,
physical
activity, social
class, baseline
BMI, fruit and
vegetable
intake, plasma

Consumers: 25.5

Consumers: 58.0 y

P<0.001

Skippers: 53.9 y
Breakfast skipping
prevalence: 16.9%
Purslow,
2007 24

6764 M/F

Self- described;

Age (y)

Energy intake
reported before
breakfast or at
breakfast was
combined,
participants placed in

Q1: 59.1 ± 0.23
Q2: 60.4 ± 0.23

Validated 7-day
food diary,
European
Prospective
Investigation into
Cancer and
Nutrition –
Norfolk Cohort

!

13!

Q1: 1950 ± 14
kcals/day

BMI (kg/m2)
Q1: 26.3 ± 0.1

Q2: 1942 ±13
Q2: 26.3 ± 0.1
Q3: 1961±14
Q3: 26.2 ± 0.1

!
Q3: 61.3 ± 0.24

1993-1997

quintiles based on
%TEI

Q4: 62.2 ± 0.23

Q4: 1987±13

Q4: 26.3 ± 0.1

Q5: 2033 ± 14

Q5: 26.0 ± 0.1

p<0.001 for
linear trend

P= 0.018 for linear
trend

NR

NR

vitamin C level,
follow-up time,
% TEI
consumed in
evening

Q1: 0-11% TEI
Q5: 62.7 ± 0.23
Q2: 12-14% TEI
(!±SD)
Q3: 15-17% TEI
Breakfast skipping
prevalence: NR

Q4: 18-21% TEI
Q5: 22-50% TEI

MarinGuerrero,
2008 25

34,974 M/F

Self-defined;

Age 43.5 y (!)

Skippers: reported
not eating breakfast
regularly in previous
6 mo

Breakfast skipping
prevalence: 3.4%

1999 Survey on
Disabilities,
Impairments and
Health Status,
Questionnaire

Reference:
breakfast
regularly at
home and
normal weight
Risk for obesity
(BMI≥30)
Males:

Age, sex,
education level,
marital status,
size of town of
residence,
physical
activity,
smoking, health
status

OR 1.58 (95%
CI 1.29, 1.93)
Females: 1.53
(95% CI 1.15,
2.03)
Huang,
2010 26

15,340 M/F

Self-defined;

Age

Skippers: those who
reported eating
breakfast ≤1x/week

Skippers: 35.5 ± 11.8
y

2005 National
Health Interview
Survey in Taiwan
Questionnaire,
“Typically how
many days a
week do you eat
breakfast?”

Consumers: 39.0 ±
12.7 y

!
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NR

NR

Reference:
breakfast
consumption and
normal weight
Risk for obesity:
OR 1.38 (95%
CI: 1.18, 1.60)

Age, sex,
marital status,
educational
level, monthly
income,
smoking,
alcohol
consumption,
betel quid
chewing,

!
exercise.

(!±SD)
Breakfast skipping
prevalence: 8.1%
Min,

415 M/F

2011 27

Age 42.7 yb
Breakfast skipping
prevalence: 10.6%

Meal eaten in the
morning;

3-day dietary
intake, 24-hour
and 2-day dietary
recall

Skippers: Rare
breakfast eaters, ate
breakfast on only 1 of
the 3 days of dietary
intake

Rare:

NS

NR

Age, sex

NR

Skippers vs
RTEC
consumers: OR,
95% CI: 0.69
(0.55,0.87)

Age, gender,
ethnicity, PIR,
marital status,
alcohol
consumption,
smoking,
physical
activity

1543 ± 390
Often:
1718 ± 482
Regular:
1788 ± 468
p=0.0002

Deshmukh
Taskar,
2012 28

5316 M/F

Self-defined;

Age NR

Skippers: participants
who reported no food
or beverage intake
apart from water at
breakfast on the one
day of recall?

Breakfast skipping
prevalence: 23.8%

NHANES 19992006, one day 24hour dietary
recall, multiple
pass

Skippers:
2148 ± 45
RTEC
consumers:
2648 ± 54

Skippers vs other
breakfast:

Other
Breakfast
consumers:
2521 ± 41

NS

P<0.0001
Fuglestad,
2012 29

419 M/F

Self-defined;

Age 47 y

Skippers: participants
who indicated they
do not eat breakfast
daily

(!)

Questionnaire,
indicated how
many times in the
past week they
ate breakfast:
daily or less than

Breakfast skipping

!
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NR

BMI: NS
% weight loss:
NS

NR

Age, gender,
race, marital
status

!
prevalence: 38%

Mekary,
2012 30

29, 206 M

daily

Self- described

Questionnaire,
Health
Professionals
Follow up Study

Age (!±SD)
Consumers: 58.2 ±
9.2 y

Skippers: 1910
± 598

Consumers: 25.4 ±
2.9

Consumers:
2006 ±574

Skippers: 26.0 ± 3.0

NR

Age

NR

None

Overweight: 1.2
(95% CI:
1.0,1.4) vs
consumers
without TV

Sex, ethnicity,
level of
education

P<0.05
P<0.05

Skippers: 57.8 ± 8.7
y
Breakfast skipping
prevalence: 17.0%
Azadbakht,
2013 16

411 F

Any food or beverage
before 10:00AM;

Semi-quantitative
food frequency
questionnaire

Age
Eaters: 20 ± 1.4 y

Skippers: Breakfast
<5d/week

Skippers: 2404
± 827

Eaters: 20.0 ± 1.8
Eaters: 2181 ±
689

Skippers: 20 ± 1.8 y

Skippers: 23.3 ± 2.7

P=0.001

P=0.003

Breakfast skipping
prevalence: 53%
Bjornara,
2013 31

6512 M/F

Self-defined;

Age: 41 y

Skippers: breakfast 06d/week

‘From MondayFriday, how
many days do
you usually eat
breakfast?’, ‘How
many times do
you usually eat
breakfast on the
weekend?’

Breakfast skipping
prevalence: 32%

!
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NR

NR

Obese: 1.8
(95%CL:
1.5,2.3) vs
consumers
without TV

!
Odegaard,
2013 32

3598 M/F

Self –defined;

Age (y)

Infrequent breakfast
intake: 0-3 days/week

Breakfast skipping
prevalence: 43.2%

O’Neil,
2014 33

18,988 M/F

Self-defined;

Age (y) NR

Skippers: participants
who reported no food
or beverage intake
apart from water at
breakfast

Breakfast skipping
prevalence: 18.8%d

Interviewer
administered
Questionnaire –
CARDIA study; 7
y

NS

NS

NR

Age, study
center, race,
sex, education,
smoking,
physical
activity, alcohol
consumption,
fast food use,
dietary quality
score,
frequency of
meals and
snacks, total
energy intake.

NHANES 20012008, one day 24hour dietary
recall, multiple
pass

Skippers: 1948
± 25

Skippers: 28.9 ± 0.2
kg/m2

NR

Grain/FJ:
2314± 20
Grain: 2239±
27
PSRTEC/LFM:
2313 ± 38
Eggs/Grain/MP
F: 2264 ± 36
RTEC/LFM/W
hole fruit/FJ:
2224 ± 39
Cooked cereal:
2227 ± 32
MPF/Grain/Eg
gs: 2303 ± 38

Grain/FJ: 28.1 ± 0.2
kg/m2

Age, sex, PIR,
physical
activity,
smoking,
alcohol intake

P<0.0042

PSRTEC w/ LFM:
27.7±0.2 kg/m2
RTEC/low-fat
milk/whole fruit/FJ:
27.8 ±0.3 kg/m2
Coffee w cream and
sugar/sweets:
28.3±0.3 kg/m2
BMI of consumers
of 7 other breakfast
patterns not different
from BMI of
skippers
P<0.0042

!
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Kutsuma,
2014 34

60,800M/F

Self-defined;

Age (y)

Skippers: skipped
breakfast ≥3x/week

“Do you skip
breakfast at least
3x/week?”

NR

NS

Reference
categories: eating
breakfast

Eaters: 45.2 ± 12.9

Risk of obesity:

Skippers: 39.2 ± 12.0

M: 1.25,
(1.08,1.46)

(!±SD)
F: 1.32
(1.01,1.71)

Breakfast skipping
prevalence: 12.2%
Watanabe,
2014 35

766 M/F

Age, sex,
current
smoking, daily
alcohol
consumption,
regular
exercise, past
hx of CVD

Self-defined

Questionnaire

Skippers: 1622
kcal

NS

NR

Age, sex

Age 55 y
Consumers:
1902 kcal

Breakfast skipping
prevalence: 2.6%

P=0.001
Witbracht,
2014 36

65 F
Age 18-45 y
Breakfast skipping
prevalence: 18.8%

Consumer: consumed
≥15% of est. total
energy needs in solid
food between 4AM10AM ≥6x/week;

3 24-hour dietary
recalls

NR

NS

NR

Age, menstrual
cycle phase

“How many days
per week do you
eat breakfast?”

NR

NS

NR

None

Skipper: did not
consume solid food
between 4AM-10AM
Thomas,
2015 15

18 F

Self-defined;

Age 29 y

Consumer: consumes
≥5d/week

Breakfast skipping
prevalence: 50%

Skipper: breakfast
<2d/week

Abbreviations: !: Mean, SD: standard deviation. HTN: hypertension, DM: diabetes, Hx: history, CVD: cardiovascular disease, Dx: diagnosis. a Labeling of ‘skippers’ and
‘consumers’ was adapted from reference for standardization. b Mean age was calculated by finding the weighted average from the midpoints of the age range, c Results for younger

!
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group reported in McCrory et al 2011 10, though results were similar for the older group (McCrory MA, Howarth NC, unpublished observations)10,22 d Mean calculated from data
given for 11 remaining food categories.
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TABLE 4. Prospective studies on the associations of breakfast skipping with changes in rEI and body weight or BMI in adults.
First
author,
year

Study population at
baseline

Duration
of followup

Breakfast definition;
Breakfast skipping
definition a

Breakfast assessment
tool

Energy intake
result

Body weight or BMI
result

Covariates

Ma,

499 M/F

1y

Self-defined;

NS

2003 17

Age 48 y (!)

Three 24-h dietary
recalls, collected at
baseline, and at 3 mo
intervals for a total of
15 recalls.

Reference: Consuming
breakfast >75% of
days measured

Age, gender, total
physical activity,
total energy intake,
education level

Breakfast skipping:
skipping > 75% of
days measured

BMI (!±SD)
M: 28.6 kg/m2

Skippers: 4.5 times
risk of obesity (95%
CI: 1.57, 12.90)

Time between
waking and first
eating occasion.

F: 26.6 kg/m2

Time between waking
and first eating
occasion: NS

Breakfast skipping
prevalence: 3.6%
Nooyens,
2004 37

288 M

5y

NR

EPIC study –
validated semiquantitative foodfrequency
questionnaire

Age (x±SD)
WS: 53.3 ± 2.6 y
RS: 57.5 ± 2.7 y
WA: 53.1 ± 2.2 y
RA: 57.4 ± 2.3 y
BMI (x±SD)
WS = 26.4 kg/m2
RS: 26.0 kg/m2

!
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NR

Weight change: NS
Multivariate model:
NS

Education level,
smoking status,
physical activity,
retirement, type of
job, interaction
between retirement
and type of job,
age, base level of
behavior and other
dietary behaviors
(frequencies of
consuming
potatoes, fruit,
sugared soft
drinks, and dietary

!
WA = 26.6 kg/m2

fiber density).

RA = 26.5 kg/m2
Breakfast skipping
prevalence: NR
Van der
Heijden,
2007 23

20,064 M

10 y

Self-described

Age (!) Consumers:
58.0 y

Questionnaire, Health
Professionals Follow
up Study

NR

Reference: Breakfast
skippers

Non-consumers: 53.9
y

Consumers: lower risk
of 5-kg weight gain
over 10y (HR 0.87
(95% CI, 0.82, 0.93).

BMI (!)

Wt change (kg): NS

Age, physical
activity, smoking
status, marital
status, work status,
alcohol intake

Consumers: 25.5
kg/m2
Non-consumers: 26.2
kg/m2
Breakfast skipping
prevalence: 16.9%
Purslow,
2007 19

6,764 M/F
Age (!±SD)
Q1: 59.1 ± 0.23 y
Q2: 60.4 ± 0.23 y
Q3: 61.3 ± 0.24 y
Q4: 62.2 ± 0.23 y
Q5: 62.7 ± 0.23 y
BMI (!±SD)

3.7 y
(mean)

Self- described;
Energy intake
reported before
breakfast or at
breakfast was
combined,
participants placed in
quintiles based on
%TEI

Baseline: Validated 7day food diary,
European Prospective
Investigation into
Cancer and Nutrition
– Norfolk Cohort
1993-1997

NR

Weight change
Q1: 1.23 (0.12) kg
Q2: 1.17 (0.10) kg
Q3: 1.19 (0.11) kg
Q4: 1.02 (0.11) kg
Q5: 0.79 (0.11) kg

Q1: 0-11% TEI

P < 0.001 for X2 test
for homogeneity

Q2: 12-14% TEI

Weight change:

!
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Age, sex, smoking,
physical activity,
social class,
baseline BMI, fruit
and vegetable
intake, plasma
vitamin C level,
follow-up time, %
TEI consumed in
evening

!
Q1: 26.3 ± 0.1 kg/m2

Q3: 15-17% TEI

Q2: 26.3 ± 0.1 kg/m2

Q4: 18-21% TEI

Q3: 26.2 ± 0.1 kg/m2

Q5: 22-50% TEI

Inverse association
between 1-percentage
point increase in
%TEI at breakfast and
weight gain: -0.021
kg, 95% CI: -0.035, 0.07, p = 0.004 for
trend

Q4: 26.3 ± 0.1 kg/m2
Q5: 26.0 ± 0.1 kg/m2
Breakfast skipping
prevalence: NR
Odegaard,
2013 32

3,598 M/F
Age

18 y

Self –described;
Infrequent breakfast
consumption:

0-3 d/wk: 31.8 ± 3.8 y

Interviewer
administered
Questionnaire –
CARDIA study;

NR

Reference: 0-3 d/w
Weight gain:
7 days per week:

0-3 d/wk
4-6 d/wk: 32.0 ± 3.5 y
7 d/wk: 32.4 ± 3.4 y
BMI

Gained 1.91kg/18 y
less than those eating
0-3 days

Moderate frequency
breakfast
consumption:

p= 0.001
4-6 d/wk

0-3 d/wk: 27.9 ± 6.5
kg/m2
4-6 d/wk: 26.7 ± 5.9
kg/m2

BMI: 4-6 d/wk HR
0.85 (0.71-1.03)

Frequent breakfast
consumption:

7 d/wk HR 0.80 (0.670.96)

7 d/wk

7 d/wk: 25.1 ± 5.2
kg/m2

p= 0.011 for trend

(!±SD)
Breakfast consumption
prevalence:
0-3 d/wk 43.3%

!
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Age, sex race,
education, alcohol,
smoking, physical
activity, fast food
use, dietary quality
score, energy
intake, baseline
weight/BMI

!
4-6 d/wk 21.7%
7 d/wk 35.1%

Abbreviations: BMI: body mass index; !: mean; SD: standard deviation; NR: not reported; NS: not significant; HR: hazard ratio; WS: working sedentary; RS: retired sedentary;
WA: working active; RA: retired active; Q: quartile; TEI: Total energy intake. a Labeling of ‘skippers’ and ‘consumers’ was adapted from reference for standardization.
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TABLE 5. Randomized controlled trials examining the effects of breakfast skipping on energy intake, and body weight or BMI and in adults.
First
author,
year

Study design
(parallel or
crossover) and
duration of
intervention

Study
Population
Study

Treatments

Energy
Intake results

Body weight or BMI results

NR

Body weight:

Caloric restrictions advised
Schlundt,
1992 38

Parallel

52 F

12 wk

Age NR

6 mo follow-up

BMI 30.6 ± 0.5
kg/m2 (!±SD)

B: advice to eat three meals/d
and provision of breakfast
cereal for a total of 1200
calories.

No main effect of B on weight loss at 12 wk
or 6 mo follow-up

NB: advice to eat lunch and
dinner, provision of bran
muffins to eat at eating
occasions other than
breakfast, for a total of 1200
calories

Marginally significant effect of B x habitual
breakfast pattern at 12 wk, p=0.10:

Both groups advised to
consume 1200 kcal/d. No
information on what time to
eat breakfast is provided in
the text.

Habitual breakfast skippers: 7.7 ± 3.3 kg 1

B:
Habitual breakfast eaters: 6.2 ± 3.3 kg

NB:
Habitual breakfast eaters: 8.9 ± 4.2 kg
Habitual breakfast skippers: 6.0 ± 3.9 kg

No caloric restrictions advised

!
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Tuttle, 1950
36

Farshchi,
2005 18 a

Crossover

11 M

6 wk

Age 22-28 y (minmax)

Crossover
w/14 d
washout
between
treatments

B: 750 kcal breakfast
provided between 7:00AM
and 8:00AM

NR

Body weight: NS

BMI NR

NB: no food between 8AM
and 12PM

10 F

B: 7:00-8:00 am:

B: 1666 ± 141 kcal/d

Body weight: NS

Age 25.5 ± 5.7 y

45 g whole grain cereal + 200
mL low-fat milk

NB: 1757 ± 155 kcal/d

BMI: NS

P=0.001

BMI 23.2 ± 1.6
kg/m2

10:30-11:00 am:

(!±SD)

48 g cookie

2 wk

(!±SD from food diary, 2 wkdays, 1-wkend day)

NB: 4
10:30-11:00 am:
48 g cookie
12:00-12:30pm:
45 g whole grain cereal + 200
mL low-fat milk
Betts,

Parallel

33 M/F

2014 19 a

6 wk

Age
B:36 ± 11y

B: ≥700 kcal before 11:00AM
daily, at least half consumed
within 2h of waking.

B: 2730 ± 573 kcal/d

Body weight: NS

NB: 2191 ± 494 kcal/d

BMI: NS

NB: no caloric intake until
12:00PM daily

P=0.007

NB: 36 ± 11y
BMI
B: 22.0 ± 2.2
kg/m2

!
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NB: 22.8 ± 2.3
kg/m2
Dhurandhar,
2014 40

Parallel

283 M/F

16 wk

Age

Control: “Let’s Eat for the
Health of It” pamphlet

NR

Body weight: NS

B: pamphlet plus instructions
to consume breakfast before
10:00am

Control: 42.1 ±
11.2 y
Breakfast: 40.6 ±
12.0 y

NB: pamphlet plus
instructions not to consume
any calories before 11:00am

No Breakfast: 42.0
± 12.4 y
(!±SD)
BMI 32.4 kg/m2
(!)

2

Abbreviations: NR: not reported; BMI: body mass index; B: breakfast treatment; NB: no breakfast treatment; NS: not significant; !: average; SD: standard deviation.
a

Waist circumference results: NS.

!
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breakfast skippers versus consumers 10,15,16,22–24,27,29,30,32,33,35,36 while eight of the nineteen
studies used odds ratios to quantify risk of overweight or obesity in breakfast
skippers.10,20–22,25,26,28,31,34 Studies examining BMI values have found mixed results.
While seven of the studies found that participants who skipped breakfast did not have
significantly different BMIs than those who consumed breakfast,15,27,29,32,34–36 five studies
did find that participants who reported skipping breakfast had higher BMI values than
those who were classified as consumers.16,23,24,30,33 Interestingly, one study found a higher
risk of obesity in adults who ate breakfast a few times per week compared to adults who
ate breakfast daily, but no higher risk of obesity in adults who ate breakfast <1x/wk.20
Note that the reference BMI in that study was BMI<20 kg/m2 as opposed to normal
weight (BMI 18.5-24.9 kg/m2) which is used in most of the other studies.
O’Neil et al analyzed one day of dietary intake from NHANES and compared
participants who reported no intake on the day of the dietary recall to specific types of
breakfast.33 They formed 12 different breakfast patterns that included no breakfast and
found that four of the breakfast patterns were associated with a lower BMI compared to
breakfast skippers. The other seven breakfast patterns did not show a significant
difference in BMI (overweight or obesity) compared to breakfast skipping, indicating that
breakfast composition may be an important component to the association of breakfast
with weight status. While the acute feeding studies indicate that breakfast composition
may not be a strong contributing factor to perceived fullness and hunger scores later in
the day, the scores are not necessarily indicative of energy intake and may not correspond
to weight. One study, however, examined the percentage of total energy (TEI) intake
consumed at breakfast. The study divided participants into quintiles of percent TEI and
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found that those in the highest quintile, who consumed between 22-50% of their TEI at
breakfast, had a lower BMI compared to the lowest quintile, who consumed between 011% of their TEI at breakfast.24 This study contributes to the argument that there may be
an ideal calorie definition for meals, but more research in this area is needed. Plausibility
of reported energy intake was only taken into account in one study.10,22 This study found
that the energy consumed at breakfast (which was 0 kcal/d for breakfast skippers) was
positively associated with weight status in the plausible subsample; however, this
association was not present in the total sample.
Prospective Studies
Only one of five prospective studies found no significant difference in either BMI or
weight change in breakfast skippers compared to breakfast eaters.37 (TABLE 4) Again,
as with the cross-sectional studies, there was a large variability among prospective
studies in the definitions of breakfast skipping. Also, the reported outcomes varied with
one study17 reporting risk of obesity in breakfast skippers and four reporting weight
change results.23,24,32,37 Three of the four studies that examined weight gain found that
breakfast skipping was associated with more weight gain than was skipping
breakfast.23,24,32 The fourth failed to find a significant difference in weight gain over a 5year period between breakfast skippers and breakfast eaters.37
Experimental Studies
Five experimental trials in adults have been conducted and they varied widely in
their methodology (TABLE 5).18,19,38–40 Three were parallel trials19,38,40 and the other two
were crossover studies.18,39 The length of trials ranged from 2 to 16 weeks and in 3 of the
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studies18,38,39, breakfast was provided and ranged from 250 calories to 750 calories. One
trial did not provide breakfast but advised participants to follow a breakfast or no
breakfast treatment detailed in TABLE 5. The second study that did not provide
breakfast focused on assessing the effectiveness of advice to eat breakfast on the weight
loss in free-living individuals who were interested in losing weight.40 Overall, none of the
five experimental trials examined found a significant difference in body weight, weight
change or BMI between breakfast eaters and breakfast skippers.
Waist Circumference
Waist circumference was included in this review as it is not only related to overall
adiposity but, more specifically, it is a clinical marker for abdominal obesity and a
component of the MetS criteria.41 The information on the potential role of breakfast
skipping on waist circumference comes primarily from cross-sectional and observational
studies (TABLES 6 and 7). To our knowledge, only one experimental study on the
effects of breakfast skipping on waist circumference in adults has been published
(TABLE 5).
Cross-Sectional Studies
The six cross sectional studies on the association of breakfast skipping on waist
circumference show mixed results (TABLE 6). Two of the studies examined breakfast
skipping in comparison to specific types of breakfasts24,28 and four compared to breakfast
consumption in general.16,27,34,35 Three16,27,34 of the four that examined breakfast skipping
compared to consuming any breakfast did not find a significant difference in waist
circumference or risk of abdominal adiposity. One study examining a female population
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found that participants who reported eating breakfast <5 days per week had a
significantly higher waist circumference compared to those who reported eating breakfast
more than 5 days per week.18 The two studies28,33 that examined breakfast skipping as
compared to specific types of breakfasts found that skipping was associated with an
elevated waist circumference. One examined skipping in comparison to ready-to-eat
cereal (RTEC) and those who consumed anything other than RTEC at breakfast and
skippers had a significantly higher waist circumference compared to consumers,
regardless of the type of breakfast consumed.28 Another study found that breakfast
skippers had a significantly higher waist circumference compared to consumers only in
comparison to a few particular breakfast patterns.33
Prospective studies
Two prospective studies examined waist circumference in breakfast skippers
(TABLE 7). 32,37 One found a small but significant increase in waist circumference for
each additional day of breakfast intake per week over a 5-year period.37 The other found
that participants who ate breakfast seven days per week, as well as those who had
breakfast four to six days per week, had a significantly lower risk of abdominal obesity
over 18 years of follow up compared to peers who ate breakfast three days per week or
less.32
Experimental studies
Two experimental trials examined waist circumference results with no significant
difference was found in either trial between breakfast skippers and consumers (TABLE
5).18,19
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TABLE 6. Cross-sectional studies on the association of breakfast skipping with MetS and waist circumference in adults

First author,
year

Study population

Min, 2011 27

415 M/F

Breakfast
definition;
Breakfast skipping
definition a

Age 42.7 y1
Breakfast skipping
prevalence: 10.6%

DeshmukhTaskar,
2012 28

Self-defined;

Age NR

Skippers:
participants who
reported no food or
beverage intake
apart from water at
breakfast on the
one day of recall?

411 F
Age
Eaters: 20 ± 1.4 y
Skippers: 20 ± 1.8 y

MetS criteria used

WC results

MetS results

Covariates

3-day dietary
intake, 24-hour and
2-day dietary recall

NR

Continuous WC:
NS

NR

Age, sex

NS

Energy intake, age,
gender, ethnicity,
ethnicity x gender,
PIR, smoking status,
alcohol consumption,
physical activity,
marital status

Skippers: Rare
breakfast eaters,
ate breakfast on
only 1 of the 3
days of dietary
intake

5316 M/F

Breakfast skipping
prevalence: 23.8%

Azadbakht,
2013 16

Meal eaten in the
morning;

Breakfast
assessment tool

Any food or
beverage before
10:00AM;

Reference: Regular
breakfast eaters,
normal WC
Risk of Abdominal
Adiposity: NS
NHANES 19992006, one day 24hour dietary recall,
multiple pass

ATPIII

Skippers: 94.1 ±
0.5
RTEC: 90.7 ± 0.6
Other Breakfast:
92.7 ± 0.4
P<0.017

Semi-quantitative
food frequency
questionnaire

NR

Skippers: 72.5 ±
8.7 cm
Eaters: 69.2 ± 7.6
cm

Skippers:
Breakfast
<5d/week

!
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NR

!
P=0.001
Breakfast skipping
prevalence: 53%
Kutsuma,
2014 34

60,800 M/F

Self-defined;

Age

Skippers: No
breakfast
≥3x/week

Eaters: 45.2 ± 12.9 y

“Do you skip
breakfast at least
3x/week?”

Modified ATP III:
three or more criteria
with HbA1c > 5.6%
substituted for FBG

NS

NR

Skippers: 98.4 ±
0.3

Reference: Eating
breakfast
Risk for MetS in
breakfast skippers: NS

Y/N

Age, sex, smoking,
alcohol consumption,
regular exercise, past
hx CVD

Skippers: 39.2 ± 12.0 y
BMI
Eaters: 22.8 ± 3.2
kg/m2
Skippers: 23.0 ± 3.5
kg/m2
(!±SD)
Breakfast skipping
prevalence: 12.2%
O’Neil,

18,988 M/F

Self-defined;

2014 33

Age (y) NR

Skippers:
participants who
reported no food or
beverage intake
apart from water at
breakfast

Breakfast skipping
prevalence: 18.8%

NHANES 20012008, one day 24hour dietary recall,
multiple pass

Grain/FJ: 96.6 ±
0.4
PSRTEC/LFM:
95.6 ± 0.5
RTEC/LFM/Whole
fruit/FJ: 95.8 ± 0.6
Cooked cereal:
94.4 ± 0.6

!
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NR

Age, sex, race, PIR,
smoking status,
physical activity,
alcohol intake, energy
intake for nutrientrelated variables

!
P<0.0042

Yoo, 2014 42

16, 734 M/F

Self-defined “Meal
as breakfast”

Age NR

ATP III

NR

Reference: Skipping
breakfast

BMI NR

Risk for MetS in
breakfast eaters:

Breakfast skipping
prevalence: 17.2%

OR 0.82 (95% CI 0.690.98), p<0.05

766 M/F

Watanabe,
2014 35

KNHANES 20072009; 1 day 24-hour
dietary recall

Self-defined

Questionnaire

Japanese criteria of
MetS

NS

NS

Age, sex, education,
physical activity,
smoking status,
drinking status,
household income,
obesity, EI,
carbohydrate, protein,
fat, crude fiber,
sodium, DGI, DGL
Age, sex

Age 55
BMI
Skippers: 23.7
Consumers: 22.7
Breakfast skipping
prevalence: 2.6%

Abbreviations: WC: waist circumference; PIR: poverty income ration; BMI: Body mass index; NR: not reported: NS: not significant; ATPIII: adult Treatment
Panel III; CVD: cardiovascular disease; PSRTEC: presweetened ready to eat cereal; LFM: low fat milk; RTEC: ready to eat cereal; FBG: fasting blood glucose;
OR: odds ration; EI: energy intake; DGI: dietary glycemic index; DGL: dietary glycemic load. a Labeling of ‘skippers’ and ‘consumers’ was adapted from reference for
standardization.
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Table 7. Prospective studies on association of breakfast skipping with changes in waist circumference and MetS in adults
First author,
year

Study population
at baseline

Duration of
follow-up

Breakfast definition;

Breakfast
assessment tool

MetS
criteria
used

WC results

MetS results

Covariates

EPIC study –
validated semiquantitative
food-frequency
questionnaire

NR

0.10 cm year-1 increase
per each addition day
of breakfast intake
each week

NR

Retirement, type
of job,
interaction
between
retirement and
type of job, age,
smoking, base
level of
behavior, other
behaviors

Reference category:
breakfast 0-3 d/wk

Reference category:
breakfast 0-3 d/wk

Risk for elevated WC:

Risk for MetS:

Age, study
center, race, sex,
education,
smoking,

Breakfast Skipping
Definition a

Nooyens,
2004 37

288 M

5y

NR

Age (!±SD)
WS: 53.3 ± 2.6 y

p= 0.01
RS: 57.5 ± 2.7 y
WA: 53.1 ± 2.2 y
RA: 57.4 ± 2.3 y
BMI (!±SD)
WS = 26.4 kg/m2
RS: 26.0 kg/m2
WA = 26.6 kg/m2
RA = 26.5 kg/m2
Breakfast
skipping
prevalence: NR
Odegaard,
2013 32

3,598 M/F
Age

18 y

Self –described;

Interviewer
administered
Questionnaire –
CARDIA study;

Infrequent breakfast
consumption:

ATP III

0-3 d/wk: 31.8 ±

!
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3.8 y

0-3 d/wk

4-6 d/wk: 32.0 ±
3.5 y

Moderate frequency
breakfast
consumption:

7 d/wk: 32.4 ±
3.4 y
BMI
0-3 d/wk: 27.9 ±
6.5 kg/m2

4-6 d/wk
Frequent breakfast
consumption:
7 d/wk

4-6 d/wk: 26.7 ±
5.9 kg/m2

Breakfast consumption
4-6 d/wk: HR 0.75
(95% CI 0.63-0.89)

Breakfast consumption 4-6
d/wk: HR 0.79 (95% CI
0.66-0.94)

Breakfast consumption
7 d/wk: 0.60 (95% CI
0.51-0.71)

Breakfast consumption 7
d/wk: HR 0.63 (95% CI
0.54-0.75)

p<0.05

p<0.05

physical activity,
alcohol
consumption,
fast food use,
dietary quality
score, frequency
of meals and
snacks, total
energy intake.
WC: waist
circumference at
baseline, MetS:
BMI at baseline

7 d/wk: 25.1 ±
5.2 kg/m2
(!±SD)
Breakfast
consumption
prevalence:
0-3 d/wk 43.3%
4-6 d/wk 21.7%
7 d/wk 35.1%
Abbreviations: WC: waist circumference; BMI: Body mass index; NR: not reported; ATP III: Adult Treatment Panel III; WS: working sedentary; RS: retired sedentary; WA:
working active; RA: retired active; wk: week; HR: hazard ratio; CI: confidence interval. a Labeling of ‘skippers’ and ‘consumers’ was adapted from reference for standardization.
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Metabolic Syndrome
MetS is included in this study as it is an important risk factor for cardiovascular
disease and may have more relevant clinical outcomes than BMI or waist circumference
alone. Few studies have examined the impact of morning intake on MetS and results are
presented in TABLE 6 and TABLE 7. As of the time of this review, no experimental
trials have been published that examine breakfast consumption effects on MetS in adults.
Cross-Sectional Studies
Four cross-sectional studies examined the association of breakfast skipping on
MetS with mixed results (TABLE 6); two used the ATP III criteria for defining
MetS28,42; one used a modified version34 and another study used Japanese criteria for
defining MetS.35 In each of these studies, breakfast was self-defined and various
definitions of skipping were used. Three of the four studies did not find a significant
association between breakfast and MetS 28,34,35 Three studies were performed in Asian
populations outside the US; while one of these studies found a significantly lower risk of
MetS in participants who ate breakfast compared to those who skipped42, the two others
did not.34,35
Prospective studies
Only one prospective study examined breakfast skipping and METS. The study
found that participants who ate breakfast 4 or more days per week had a lower risk of
MetS over an 18 year follow-up period in comparison to participants who ate breakfast
less than 4 days per week (TABLE 7).32 While this long follow-up period is a strength of
the study, by nature a prospective study cannot show causation.
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Summary and Conclusion
Appetite and energy intake have been examined with regard to breakfast
consumption. The majority of studies show greater hunger in participants who skip
breakfast compared to those who consume breakfast. A common theory is that breakfast
skipping leads to greater intake later in the day; however, acute feeding and observational
study results on total energy intake in one day do not provide definitive answers. Acute
studies that found greater hunger did not always lead to greater energy intake.
Observational studies used self-reported intake to assess total energy intake, leading to
some reporting bias. Given the propensity for underreporting, particularly in the
overweight and obese populations, it is difficult to conclude that these results are
definitive without accounting for reporting bias. The majority of observational studies
examining BMI and its association with breakfast skipping show a higher risk for obesity
and weight gain; however, these studies failed to take into account reporting bias.
Furthermore, across studies, the definition of breakfast and method for assessing whether
breakfast was consumed or not varied greatly. Overall, the studies that examined waist
circumference and MetS with respect to breakfast eating show mixed results across all
study designs. The only experimental trials examining these outcomes were short
duration trials and more long-term trials are needed to determine the nature of the
relationships of breakfast skipping with adiposity, waist circumference and MetS.
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CHAPTER!III!
METHODS

Data Acquisition
Data from the Continuous National Health and Nutrition Examination Survey
(NHANES) were used for this study.43 NHANES is a set of studies designed to assess the
health and nutritional status of adults and children in the United States using interviews,
physical examinations, and laboratory data. These data are publically available, and are
maintained and released by the National Center of Health Statistics (NCHS) of the
Centers for Disease Control (CDC) and Prevention. A detailed description of the
methodologies and analytic guidelines of each survey were reported elsewhere.44 The
Continuous NHANES study uses a complex, multi-staged, stratified, clustered sample to
represent the U.S. population of all ages. NHANES over-samples persons aged 60 years
and over and African Americans and Hispanics in order to ensure reliable statistics.
Bilingual interviewers use standardized questionnaires and physical exams to collect data
on demographics, dietary intake, anthropometrics, laboratory values, medical status and
lifestyle behaviors including smoking, alcohol use, and physical activity. Interviews and
exams are obtained either at participants’ homes or at mobile exam centers (MEC).
Dietary intake data were collected by conducting two multiple pass 24-hour dietary
recalls, the first in-person and the second by telephone. In this analysis, we used three
cycles of the continuous annual NHANES series (2005-2006, 2007-2008, and 2009-
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2010). Blood samples were taken by venipuncture, following standard protocol either
during the home examination or in the MEC.
Variable Selection
Included in this analysis were adults aged 20-65 years who participated in
NHANES 2005-2006, 2007-2008, and 2009-2010. Individuals who were pregnant or
perform shift work were excluded from this study, as these factors are known to affect
metabolic processes. MetS was determined using waist circumference, serum
triglyceride, blood pressure, fasting blood glucose, and serum HDL data. The main
predictor variable in this study was the time of day of first intake, determined from two
multiple pass 24h recalls as described below. Intakes of energy, macronutrients, and fiber
were determined from data available the in the dietary recalls. Demographics of interest
were race/ethnicity, age, gender, poverty-income ratio (PIR), alcohol consumption,
smoking status, physical activity level, and self-reported chronic disease. The PIR is
calculated by NHANES by dividing the family income by family size, year, and state
specific poverty threshold guidelines published by the Department of Health and Human
Services. These data were collected during the examination and questionnaire portions of
the study. From the analysis of the NHANES data, individuals with missing data for any
variable were excluded from analysis.
Recoding Data
Three possible morning eating scenarios within each day were considered; they
were based on the assumption that most people arrive to work by 9AM and may have
their first eating occasion before arriving at work. Morning energy intakes ≥50 kcals were
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classified as early morning intake, late morning intake, and no morning intake from each
of the two multiple pass 24h recalls. The morning intake was considered “early” when
the first reported intake occurred between 5:00AM and 8:59AM. Intake was “late” when
it occurred between the hours of 9:00AM and 11:30AM. If participants reported no intake
between the hours of 5:00 AM and 11:30 AM, they were classified as having no morning
intake. We compared the within-subject morning eating patterns across the two days and
found there was little concordance between the two days (% concordance: early intake:
42%, late intake: 41%, early and late intake: 53%, no intake: 41%). We created six
possible variables that accounted for the timing of morning eating across both days: 1)
early intake on both days; 2) early intake on one day, late intake on the other; 3) early
intake one day, no intake the other; 4) late intake both days; 5) late intake one day, no
intake the other; and 6) no morning intake on either day.
Categorical variables were created for MetS components using the data for serum
HDL cholesterol, serum triglycerides, waist circumference, fasting blood glucose, and
blood pressure. Variables for MetS using ATPIII and IDF criteria were created.4,5 Those
individuals who met the criteria based on the respective guidelines were categorized
accordingly. See TABLE 1 for a description of the guidelines. Individuals who did not
meet either set of criteria were deemed as not having MetS.
The questions on physical activity from the Continuous NHANES 2005-2006
series differed from those in the 2007-2008 and 2009-20010 cycles; therefore the data
had to be coded differently across the respective cycles and reformatted in order to be
comparable. If participants in the 2005-2006 cycle indicated engagement in moderate or
vigorous activity in the previous 30-days, they were recoded as a “1”, or “yes”,
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otherwise, they were coded as a “0”. In the 2007-2010 cycles, questions asked about
moderate and vigorous activity in the context of work and recreational activities. Physical
activity across all cycles was then recoded into a dichotomous variable based on positive
or negative answers to questions regarding moderate or vigorous work or recreational
activity. Participants who indicated that they engaged in moderate or vigorous activity
either for work or recreation were coded as “1”, otherwise, they were coded as “0”. Shift
work was recoded from occupation questionnaire data. Participants who answered that
they worked a regular day or evening shift were not considered shift workers; those who
indicated that they worked a night shift or other shift were categorized as shift workers
and were excluded from analysis. Alcohol consumption was identified using the selfreported average number of alcoholic drinks per day and recoded into a dichotomous
variable based on recommended intake. Females with a reported daily intake of ≤ one
drink were categorized as “0” and those with > one drink per day were categorized as
“1”. Males who reported ≤two drinks per day were categorized as “0”; they were
categorized as “1” if they reported > two drinks per day. Smoking was recoded a
dichotomous categorical variable, ‘yes’ or ‘no,’ based on current smoking status. Those
that reported “smoke sometimes” were considered smokers. Ethnicity was coded as nonHispanic Black, non-Hispanic white, Mexican American, other Hispanic, or other race,
which included multi-racial. Sex was coded as male or female.
Chronic disease was determined using a combination of multiple questions asked
in NHANES. Diseases considered included congestive heart failure, coronary heart
disease, previous heart attack or stroke, emphysema, thyroid problem, liver condition,
cancer, diabetes or kidney disease. Participants were categorized as “1” if they indicated
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positive responses to questions regarding each of these diseases. Otherwise, they were
categorized as “0”. A cumulative sum of all positive responses was created. Finally, a
variable was created that reflected the cumulative response. If the cumulative tally was 0,
participants were categorized as not having chronic disease and coded as “0”. If the
cumulative tally was >0, they were categorized as having a chronic disease and coded as
“1”. Once all variables were properly coded, and new variables assigned, the separate
data sets were merged into one for analysis.
We followed the method of Huang et al to determine energy intake reporting
plausibility.45 Briefly, the estimated energy requirement (EER) was calculated using the
Institute of Medicine equations for normal weight and overweight/obese adults,
respectively using height, weight, age and sex.46 The 2-day average rEI was compared to
the EER to determine the percent of EER reported. The ±1 standard deviation (SD)
cutoffs were calculated from the equation: ±1 SD =
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, where

CVrEI is the intraindividual variation in energy intake reporting, d is the number of days
of reporting, CVEER is the root mean squared error in the prediction equation for EER,
and CVmTEE is the measurement error and day-to-day biological variation in total energy
expenditure. Participants whose rEI did not fall within ±1SD cutoffs were deemed as
implausible reporters. Using our data, the ±1 SD cut-offs were calculated to be ±23%;
therefore, the subsample of participants with rEI between 77% and 123% of EER was
analyzed separately from the total sample.
Statistical Analysis
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Data were analyzed using IBM SPSS Statistics version 20. Descriptive statistics were
calculated using frequency tests and cross-tabs. Data for the continuous dependent
variables of BMI and waist circumference were analyzed using univariate ANOVA.
Since results were similar qualitatively to those when using the categorical outcomes,
these results are not presented. Multinomial logistic regression analysis was used to
determine the relationships between morning eating patterns and the outcomes BMI,
waist circumference, and MetS (both ATPIII and IDF criteria) classified as categorical
variables. Reference categories for dependent variables were as follows: normal weight,
normal waist circumference, and MetS not present. The reference category for the
primary independent variable, morning intake pattern, was no morning intake on both
days. These analyses included sex, age, race, PIR, smoking status, alcohol use, physical
activity and chronic disease as covariates. Survey design was not taken into account in
this analysis. All analyses were performed on the total sample population and repeated on
the plausibly reporting subsample.
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CHAPTER IV
RESULTS
Demographic characteristics for the total sample and the subsample reporting
physiologically plausible energy intakes (herein referred to as the “plausible sample”) are
shown in TABLE 8. The total sample and the plausible subsample were about two-thirds
male and had a median age of 39 years. Non-Hispanic whites made up the largest
proportion of individuals in the total sample and the plausible subsamples. The median
BMI for the total sample (27.5 kg/m2, 95% CI: 28.4, 28.8) and the plausibly reporting
subsample (27.1 kg/m2, 95% CI: 27.8, 28.3) was consistent with overweight. The median
waist circumference was similar for males in the total sample (97.9 cm, 95% CI: 98.8,
99.8) and the plausible subsample (97.7 cm, 95% CI: 98.3, 99.7) and was below the cutoff value for elevated waist circumference using either the ATPIII or IDF criteria. For
females, the median waist circumference in the total sample (90.3 cm, 95% CI: 92.4,
93.8) was above the cut-off value for ATPIII and IDF criteria. However, the median
waist circumference in the plausible subsample (88.0 cm, 95% CI: 89.8, 91.9) was below
the cutoff value. Approximately 15% of the total sample and plausible subsample were
classified as having MetS when using ATPIII criteria, while when using IDF criteria, a
slightly lower percentage of participants were classified as having MetS (~13%).
As shown in TABLE 9, the majority of participants in both the total and plausible
samples reported having early morning intake both days while the next most common
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TABLE 8. Demographic characteristics of adult participants in NHANES 2005-2010 in the
total sample and subsample that reported physiologically plausible energy intakes.
Total Sample

Plausible Subsample

n

4590

2174

Age (years)

39.8 ± 11.6

40.0 ± 11.6

Sex (% Male)

63.8

66.1

Normal weight

29.2

31.0

Overweight

35.8

37.4

Obese

33.9

30.8

44.7

41.1

ATPIII Criteria4

15.6

15.3

IDF Criteria5

13.6

12.8

Mexican American

21.5

21.1

8.8

9.0

NH - White

46.4

48.5

NH - Black

18.6

16.6

Other Race

4.6

4.8

Poverty Income Ratio

3.29 ± 2.12

3.37 ± 2.12

Current Smoker (% reporting yes)

20.5

20.3

Alcohol Consumption (% above
guideline) d

68.7

67.7

With Chronic Disease (%) e

20.7

19.9

Weight status (%)a b

Elevated waist circumference (%)c
MetS (%)

Race

Other Hispanic
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Current Prescription Medication Use
(% reporting yes)

39.8

38.5

Does not engage in Physical Activity
Engages in Physical Activity (%)

25.8

25.9

Abbreviation: BMI, body mass index; MetS, metabolic syndrome; NH, non-Hispanic; PIR, poverty-income
ratio. a All % are percent of individuals; b Normal weight, BMI 18.5-24.9 kg/m2; Overweight, 25.0-29.9
kg/m2; Obese = 30.0-60.0 kg/m2; c ≥40 in. in males and ≥35 in. in females; d Percent of females who
reported ≥1 alcoholic drink per day and males who reported ≥2 alcoholic drinks per day; e Self-reported
condition of at least one of the following: diabetes, kidney disease, heart attack, cancer, stroke, current
thyroid disease, current liver disease.

pattern was early morning intake one day and late morning intake the other day. The third
most common morning eating pattern was late intake on both days. There were no
appreciable differences in the percent of individuals in the total sample and the plausible
subsample having the other morning intake patterns.
Concerning rEI, the plausibly reporting subsample reported higher total daily
energy intakes for each morning eating pattern compared to the total sample, which is
shown in TABLE 9. The differences in rEI between the total sample and the plausible
subsample were greater in those who reported no morning intake for one of the two days
or reported no morning intake on both days compared to participants who reported either
early or late intake on both days. The plausibly reporting subsample also reported a
greater rEI as percent of EER across all morning eating patterns, as shown in FIGURE 1.
Participants who reported no morning intake on both days had the lowest rEI as a percent
of EER in both the total sample and the subsample, while those who reported early intake
on both days or late intake on both days had the highest percent of reported intake
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TABLE 9. Percent of individuals reporting different morning eating patterns and rEI (total and as % EER) by eating
pattern in the total sample and the subsample reporting plausible energy intakes.
Percent of individuals
reporting

Early intake both days d

Total
Sample

Plausible
Subsample

37.1

40.6

Early intake one day, late
intake the other e

26.4

Early intake one day, no
intake the other f

7.7

Late intake both days

15.5

27.1

7.1

15.3

rEI (kcal/day)a b
Total
Sample

Plausible
Subsample

rEI/EER (%) a c
Total
Sample

Plausible
Subsample

2244

2424

89.2

95.1

(2327, 2407)

(2434, 2498)

(91.0, 93.9)

(95.6, 97.3)

2200

2428

85.9

95.2

(2278, 2375)

(2430, 2510)

(89.0, 92.5)

(95.5, 97.5)

2029

2529

80.6

96.5

(2086, 2265)

(2450, 2621)

(79.7, 86.1)

(95.0, 99.0)

2165

2412

86.0

94.5

(2252, 2381)

(2398, 2497)

(88.5, 93.4)

(94.3, 96.9)

!
Late intake one day, no
intake the other

8.5

No intake either day

4.6

7.0

2.9

1947

2425

77.3

94.9

(2031, 2225)

(2365, 2534)

(78.6, 85.7)

(93.2, 97.2)

1849

2364

66.2

93.8

(1747, 1962)

(2344, 2564)

(66.3, 74.6)

(91.8, 97.9)

a

Reported as median and 95% CI; b rEI,: reported energy intake; c EER, estimated energy requirement (DRI energy ref)

d

Early intake: first reported intake > 50 kcal 5:00AM to 8:59AM; e Late intake: first reported intake > 50 kcal 9:00AM to

11:30AM; f No intake: no early or late intake reported.

!

48!

!
compared to EER. Overall, participants in the plausibly reporting subsample reported a
10% higher energy intake relative to EER compared to the total sample (95%, 95% CI:
96, 97 vs 85%, 95% CI: 88, 90, respectively). The median and 95% CI for macronutrients
(% energy from protein, carbohydrate, and fat) and fiber (g/1000 kcal) were 16 (16, 16),
49 (49, 50), 24 (24, 24) %, and 7 (8, 8) g/1000 kcal in the total sample and 15 (16, 16), 49
(49, 49), 24 (24, 24) %, and 7 (7, 8) g/1000 kcal in the plausible sample, respectively.

Difference in rEI/EER as Percent

Figure 1. Difference in rEI/EER as percent in total
sample and plausible subsample by morning intake
pattern.
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TABLE 10 describes the percent of normal weight, overweight, and obese
participants classified as under-reporters, plausible reporters, and over-reporters within
each morning eating pattern. Across all patterns, obese participants made up the largest
percentage of under reporters and normal weight individuals made up the smallest
percentage. Normal weight individuals made up the largest percentage of over-reporters
within each morning eating pattern while obese participants made up the smallest
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Table 10. Percent of under-reporters, plausible reporters and overreporters within each morning eating pattern, by weight status. a
Normal

Overweight

Obese

Under-reporters e

17.8

36.5

44.9

Plausible Reporters

31.2

38.7

29.8

Over-reporters f

41.6

35.9

19.8

Under-reporters

18.4

33.2

47.8

Plausible Reporters

28.1

40.2

39.5

Over-reporters

41.3

39.5

15.1

Under-reporters

15.8

29.1

54.5

Plausible Reporters

32.4

36.6

30.0

Over-reporters

44.4

44.4

11.1

Under-reporters

22.0

39.2

54.4

Plausible Reporters

35.6

29.4

28.9

Over-reporters

41.3

30.1

15.8

20.9

35.7

46.4

Early intake both days b

Early intake one day, late intake the
other c

Early intake one day, no intake the
other d

Late intake both days

Late intake one day, no intake the other
Under-reporters
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Plausible Reporters

33.2

30.6

35.6

Over-reporters

55.8

25.6

16.3

Under-reporters

19.0

34.4

45.8

Plausible Reporters

31.0

37.4

30.8

Over-reporters

63.6

18.2

18.2

No morning intake either day

a

Normal weight, 18.5-24.9 kg/m2; Overweight, 25.0-29.9 kg/m2; Obese, 30.0-60.0 kg/m2; b Early intake:
first reported intake > 50 kcal 5:00AM to 8:59AM; c Late intake: first reported intake > 50 kcal 9:00AM to
11:30AM; d No intake: no early or late intake reported; e Under-reporters: rEI <77% of EER; f Overreporters: rEI >123% of EER.!

percentage. Participants who reported plausible energy intakes were evenly distributed
across weight status categories within each morning eating pattern, with a range of 28.1 40.2%. In comparison, 18.2% of the over-reporters who reported having no morning
intake either day were obese while the 63.6% were normal weight.
TABLE 11 shows the ORs for weight status, elevated waist circumference, and
MetS by morning eating pattern in the total sample and plausible subsample. In the total
sample, early morning intake on both days and late morning intake on both days were
significantly associated with a lower risk of obesity but not overweight as compared to no
morning intake both days (p<0.05). However, these associations were not significant in
the plausibly reporting subsample for either morning pattern. No morning eating pattern
was significantly associated with risks for elevated waist circumference or MetS in either
the total sample or the plausibly reporting subsample.
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TABLE11. Odds ratios and 95% CI for weight status, elevated waist circumference and the MetS (ATPIII and IDF
criteria) by morning eating pattern in the total sample and subsample reporting physiologically plausible energy
intakes. a b
Weight Status

Elevated Waist
Circumference

Overweight

Obese

Males: ≥40 in.

25.0 - 29.9 kg/m2

30.0 - 60.0 kg/m2

Females: ≥35 in.

Total Sample!

0.96 (0.65, 1.42)

0.66 (0.46, 0.96) f

Plausible Subsample

1.17 (0.60, 2.30)

Total Sample!
Plausible Subsample

MetS

ATPIII Criteria

IDF Criteria

1.05 (0.64, 1.73)

0.78 (0.51, 1.18)

0.72 (0.47, 1.10)

0.78 (0.40, 1.50)

1.46 (0.58, 3.70)

1.35 (0.56, 3.30)

1.06 (0.43, 2.61)

1.16 (0.78, 1.72)

0.82 (0.56, 1.20)

1.21 (0.73, 2.02)

0.98 (0.64, 1.49)

0.86 (0.56, 1.33)

1.55 (0.79, 3.07)

1.01 (0.52, 1.98)

1.62 (0.64, 4.14)

1.58 (0.64, 3.88)

1.18 (0.47, 2.92)

1.06 (0.67, 1.69)

1.08 (0.69, 1.67)

1.40 (0.77, 2.52)

0.99 (0.61, 1.62)

0.91 (0.55, 1.52)

Early intake both days c

Early intake one day, late
intake the other d

Early intake one day, no
intake the other d
Total Sample!

!
Plausible Subsample

1.12 (0.52, 2.43)

1.14 (0.54, 2.41)

1.53 (0.53, 4.37)

1.65 (0.62, 4.40)

1.32 (0.48, 3.50)

Total Sample!

0.91 (0.61, 1.38)

0.62 (0.42, 0.92) f

1.10 (0.65, 1.88)

0.90 (0.58, 1.41)

0.75 (0.47, 1.20)

Plausible Subsample

1.23 (0.61, 2.48)

0.81 (0.41, 1.62)

1.55 (0.59, 4.08)

1.59 (0.63, 4.00)

1.04 (0.41, 2.68)

Total Sample!

0.91 (0.59, 1.42)

0.74 (0.48, 1.13)

0.94, 0.52, 1.70)

0.92 (0.56, 1.50)

0.79 (0.47, 1.33)

Plausible Subsample

0.89 (0.42, 1.91)

0.76 (0.36, 1.60)

1.22 (0.42, 3.55)

1.23 (0.45, 3.37)

0.86 (0.30, 2.46)

Total Sample!

-

-

-

-

-

Plausible Subsample

-

-

-

-

-

Late intake both days

Late intake one day, no
intake the other

No intake either day

a

Reference categories are normal weight status, normal weight circumference and not having MetS for the outcomes and no intake either day for the morning
eating pattern; b Adjusted for age, sex, race, smoking status, physical activity, chronic disease, poverty-income ratio. c Early intake: first reported intake > 50 kcal
5:00AM to 8:59AM; d Late intake: first reported intake > 50 kcal 9:00AM to 11:30AM; e No intake: no early or late intake reported; f Significant values in bold.
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CHAPTER V

DISCUSSION AND CONCLUSION
This was the first epidemiological investigation to account for underreporting of
energy intake when examining the timing of morning eating and its association with
BMI, waist circumference, and MetS. Using national survey data (NHANES 2005-2010),
we examined morning eating patterns over 2 days in relation to adiposity and the
presence or absence of MetS in participants aged 20-65 years. A lower risk for obesity
was seen in the total sample between early morning and late morning eating patterns
compared to not eating at all in the morning. However, when the analysis was limited to
plausible energy intake reporters, these associations were eliminated. In addition, the
timing of morning eating was not significantly associated with the risk of having an
elevated waist circumference or MetS in either the total sample or the plausible
subsample. These results illustrate the importance of accounting for rEI plausibility in
studies of eating patterns in relation to disease risk; in contrast to most previous
observational studies, the timing of morning eating may be unrelated to BMI, waist
circumference, or MetS in adults aged 20-65 years.
Early morning intake and late morning intake patterns on both days were
significantly associated with a 34-38% lower risk of obesity compared to the other
morning eating patterns in the total sample. This finding is consistent with cross-sectional
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studies that have shown a lower risk of overweight and obesity in participants who
reported regular breakfast intake.20,25,26,28,34 However, when we limited our analysis to
participants who reported plausible energy intakes, there was no longer an association
between the timing of morning eating and risk of obesity. Our findings in the plausible
sample are in agreement with previous work 10,22, on adult participants aged 21-45 years
in the USDA Continuing Survey of Food Intake by Individuals 1994-1996. The
investigators observed a positive relationship between energy intake at breakfast (which
was 0 kcal/d in breakfast skippers) and weight status in the plausible subsample but found
no relationship in the total sample. Our findings are also consistent with all experimental
trials to date lasting 2-16 weeks in which there was no significant effect of breakfast
skipping on body weight or BMI.18,19,39,40 However, our findings are in contrast with
prospective studies ranging in duration from 1-10 years that have shown a higher risk of
obesity and weight gain in participants who report no morning intake.17,23,24 One
prospective study found no significant changes in weight over a 5 year follow up period
in men who consumed breakfast compared to skippers.37 However, none of these studies
have accounted for implausible energy intakes or participants who perform shift work.
A potential explanation for the different findings we observed in the total versus
plausible sample is energy intake reporting bias. Specifically, across all morning eating
patterns, participants in the plausible sample had higher rEIs when compared to the total
sample. Furthermore, in the total sample, there was a progressive decrease in the median
rEI expressed as a percent of EER with more later morning eating and no morning that
was reported, starting at 89% for those who reported early intake both days, going down
to 86% in those who reported late intake both days, and 66% in those who reported no
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morning intake both days. In the plausible subsample, rEI as a percent of EER remained
relatively consistent across morning eating patterns (94-96%). These observations have
several implications. First, previous work has shown that specific types of foods and/or
nutrients tend to be underreported47–49, but our work and that of another study22 imply
there may also be some specificity of misreporting to certain eating occasions or times of
day, such as breakfast or morning eating. Additionally, a common theory is that skipping
breakfast could lead to overeating later in the day, thereby increasing risk of obesity. Our
data do not support this suggestion but rather indicate no later compensation for the
missed morning intake since rEI/EER x 100% was similar for participants who reported
no intake either morning compared to those did not among those in the plausible
subsample. Some short-term experimental trials13,15, though not all11,12,14, have also
shown no energy intake compensation after breakfast skipping. Our study corroborates
findings from other studies that biases in self-reporting can affect study results and the
conclusions drawn, and that these biases need to be addressed when analyzing selfreported dietary data in relation to a health outcome that may co-vary with misreporting,
such as obesity.
We did not find an association between the risk for elevated waist circumference
and timing of morning eating in either the total sample or plausible subsample. Our
findings are in agreement with one study in which participants who reported rarely eating
breakfast did not have a higher risk of elevated waist circumference compared to those
who reported regular breakfast intake.27 Our results are also in agreement with another
study that found no significant difference in waist to hip ratio when comparing female
participants who reported regular breakfast intake with their counterparts who reported
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regularly skipping breakfast.36 Another experimental trial examining waist circumference
and waist to hip ratio in males also found no significant difference between breakfast
eating treatment and no breakfast treatment.19 However, some cross-sectional studies
have found a significant association between morning intake and waist
circumference.16,28,33 Two of the three studies that found a significant association
examined breakfast composition as opposed to the timing of meals, and together with the
studies on timing, may suggest that the composition of breakfast is more important than
the timing for predicting central obesity. However, none of these studies accounted for
implausible energy intakes. Therefore, further research is warranted to determine if the
association between breakfast composition and waist circumference still exists while
applying this methodology.
We also found no lower risk of MetS with any morning eating pattern in the total
sample or the plausible subsample. This is in agreement with one previous cross-sectional
study28 but not others.34,35,42 However, the latter studies were performed in Asian
populations outside the US and used BMI cutoffs of ≥27.0 kg/m2 to indicate obesity,
neither accounted for plausibility in reporting. Therefore it is difficult to apply these
results to the US population.
Our study has several strengths. First, the use of established methodology to
determine the subsample of participants who reported physiologically plausible energy
intakes yielded a greater degree of accuracy in dietary reporting (between 94-97% across
eating patterns).45 Another strength study is the categorization of morning eating by time
period rather than labeling any particular morning eating occasion as “breakfast”. This
was important because subjects often reported eating multiple times in the morning, and
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we did not have to determine which morning eating occasion was breakfast as there is no
standard definition. We also controlled statistically for shift work, which has been shown
to have deleterious effects on serum triglyceride and HDL cholesterol levels and insulin
resistance as well confer an increased risk of overweight and obesity.50 Two other studies
examining morning intake with health outcomes have taken this into consideration 17,40
and it should be noted that until 2005 the NHANES survey did not provide information
on shift work. Finally, we used both the ATPIII and IDF criteria for classification of
MetS, which helped to ensure high quality data.
Our study also had some limitations. The cross-sectional design of this study does
not allow for cause and effect to be determined and only associations can be made.
Another limitation is related to the data provided in NHANES; it was not possible to
accurately determine participants’ physical activity levels. We assumed a low active
physical activity level for all participants when calculating EER (DRI equation from
IOM).46 This assumption was not unreasonable given that 60% of US adults are not
regularly physically activity.51 Although it was important to account for implausible
reporters, our methodology has drawbacks since it resulted in the exclusion of over half
of the participants which may have resulted in a relative loss of statistical power.
However, the exclusion of implausible dietary data yielded a higher degree of energy
intake plausibility. Additionally, the calculations used to determine plausibility do not
allow us to distinguish under-reporting from under-eating or over-reporting from
overeating.45 Some potentially important confounders including eating frequency and
medication use were not controlled for in this analysis. We also did not account for the
clustered sample survey design used in NHANES. This design incorporates differential
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probabilities of selection to ensure the samples are representative of the population and
sample weights provide data that are representative of the population as a whole and help
eliminate biases in estimation due to differing probabilities in selection, certain types of
non-response, and adjustment to independent estimates of certain population sizes.
Finally, we did not take into account the macronutrient and fiber composition nor the size
of the morning meals in this analysis, and those variables may also need to be considered
simultaneously with timing in future studies.

In conclusion, the accounting for participants who report physiologically
implausible energy intakes when examining self-reported dietary intake data is a
necessary step to ensure the validity of results. We showed that morning intake was not
associated with an increased risk of BMI when accounting for implausible energy intake
reports, and no association was seen with waist circumference or MetS in either sample.
Comparisons between this study and some other cross-sectional studies are difficult due
to the variability in definitions of breakfast including timing, composition and energy
intake. While this study focused on the timing of first intake, future studies should also
consider the amount of time between waking and eating, as well as the amount and
composition of the intake to further evaluate the nature of the associations of morning
intake with BMI, waist circumference and MetS. More objective dietary assessment tools
need to be developed and validated in addition to or instead of self-reported intake to
provide a higher degree of accuracy in the dietary recall data reported. As observational
studies by nature cannot provide insight into cause and effect relationships, long term
randomized control trials should be performed.
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